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Absorbing Hybridization of Cobitis taenia and Sabanejewia aurata (Cypriniformes, Cobitidae) 
in Water Reservoirs of Northern Ukraine Connected with Diploid-Polyploid Complex Formation. 
Mezhzherin, S. V., Pukhtayevych, P. P., Tsyba, A. A. — In the rivers of the Northern Ukraine by meams 
of karyological and allozyme analysys obtained extensive natural hybridization between Cobitis taenia 
and Sabanejewia aurata, initially leading to the formation of diploid hybrids. Besides that certain water 
bodies are predominantly populated by triploids of the C. taenia — C. tanaitica — S. aurata biotypes. 
Since the share of this kind of hybrid biotypes significantly exceeds the number of individuals of S. aurata, 
it is concluded that the hybridization of a common and eurybiontic C. taenia with rarer stenobiontic 
S. aurata, is of absorbing character. 
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Ilornonjaromaa rn6puqn3anna oOObIKHOBeHHON (Cobitis taenia) n 30n0Tucron (Sabanejewia aurata) 
WMHOBOK (Cypriniformes, Cobitidae) B Bogoëmax cepepa Ykpannbi, cBa3aHHad c o6pa30BaHneM 
MUMIOMAHO-MONMMIONJHOro KoMIeKca. MexoKepun C. B., Iyxraegny II. II., I]br6a A. A. — B pe- 
KaX CeBepHOM YKpaMnHbI WyTEM KApMOJIOTMYECKOTO M AJUIO3MMHOTO AaHaAJN3a YCTAHOBJICHA ECTECTBEHHAA 
rMopupusauua OObIKHOBeHHONM Cobitis taenia (Linnaeus, 1758) n sonorncroñ Sabanejewia aurata (De 
Filippi, 1863) mnnoBok, nepsnyHo npnBogamgaa K O6pa30BAHNIO AMMIOMUAHbIX TMOpupoB. Kpome Toro, 
HEKOTOPÞIE BOJOEMBI HaceyIeHbl NpPEeMMYIECTBEHHO TpumIongamMn C. taenia — C. tanaitica — S. aurata 
6moTunos. Ilockombky JONA NOFOOHOTO poga TMOPMAHIX ÓMOTMNOB CYIJECTBEHHO IipeBblilaeT YMCIECH- 
HOCTb oco6ent S. aurata, CHeNaH BÞIBOȚ O TOM, YTO rTMŐpngn3aQMA FOCTaTOUHO OŐÞIYHOTO M ƏBpnÓN- 
OHTHOTO Bupa C. taenia c ABHO 6onee pegKUM CTCEHOOMOHTHBIM, KaKMM M ABIAETCA S. aurata, HOCHT 
noriowmarmn xapakTep. 


KmioueBble cxoBa: rnôpuymsagna, Sabanejewia aurata, Cobitis taenia, KapMOTUMDI, AIIO3NMDI. 
Introduction 


Interspecies hybridization of fishes in Holarctic region is widely distributed and has evolutionary meaning. 
Suffice it to remember that all Holarctic endemic fish families, which are rich in species, are represented only 
with allopolyploids. Fish hybridization offen takes place amongst far species of the same genus and even amongst 
representatives of different genera. In such situations the hybridization has mainly accidental character as it 
takes place spontaneosly and is stimulated with unfavorable ecological factors or species invasion. 

One of the interspecies hybridization consequences may be the absorbtion of one hybridizing species 
with another one. The absorbing species is everybiontic which is characterized with numerous populations and 
it's habitat conditions are favourable. The oppressed species is stenobiontic not numerous, habited factors are 
unfavourable far it. Similar situation in europian waters is typical for Carassius carassius Linaeus, 1758, which 
freely hybridize with adventive species C. auratus (Linaeus, 1758 (Mezhzherin et al., 2012). The analysis of these 
species mutual habitats shows that the part of hybrids C. auratus x C. carassius is the same as in C. carassius 
which is considered dissapearing species and is included into the 3rd edition of Ukrainian Red Book. 
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Another hybridizing group of Europian fishes — Cobitis Linnaeus, 1758 genus. In Central Europian water 
systems alloploid hybrids C. melanoleuca x Cobitis taenia (Mezhzherin, Lisetskaya, 2004), C. elongatoides x 
x C. tanaitica (Mezhzherin, Pavlenko, 2007 a; Janko et al., 2007), C. elongatoides x C. taenia (Janko et al., 2007), 
are found as well as the zone of gene introgressions within C. taenia and C. tanaitica (Mezhzherin, Pavlenko, 
2009). Andas the result of these species sequential hybridization, a series of triploid and tetraploid biotypes (Janko 
et al., 2007; Mezhzherin, Pavlenko, 2010) is formed in Europe. At the same time intergenera hybridization can 
not be excluded and diploid hybrid amongst C. taenia and probably, Sabanejewia aurata from the Desna River 
confirms it (Mezhzherin, Lisetskaya, 2004). This fact was preliminarity confirmed with multi-loci allozymic 
analysis. The small number of these hybrids makes possible to consider the hybridization amongst the above 
mentioned species to be very rare. But in the rivers of Northern Ukraine sometimes specimens of unidentified 
triploid biotype formed with S. aurata are found (Mezhzherin, Pavlenko, 2010). Judging from fixed allele in 
constant heterozygote of some enzyme systems, this biotype is formed with C. taenia and / or C. tanaitica and 
the third species with Ldh-B” allele making product with low electrophoretic mobility. This alleles is absent 
in C. elongatoides from the Danube which is considered the ancestor of all known triploid biotypes (Janko et 
al., 2007; Mezhzherin, Pavlenko, 2010) and is found only in S. aurata in river systems of Northern Ukraine. It 
means that the hybridization amongst C. taenia and S. aurata with the following reccurent hybridization with 
C. taenia and C. tanaitica can also be the reason for another diploid-polyploid complex formation. To confirm 
this statement the hybridization between C. taenia and S. aurata should be proved using besides allozyme 
analysis some other methods, karyological analysis in particular. 


Material and methods 


Nine series of spined loaches from some rivers of the Northern Ukraine, where S. aurata or hybrids of 
this species were found were taken for the research: 1 — Desna River, near Letochky Village (50°45’25" N, 
30°46'11” E); 2 — Irpen River, near uts. Irpen River (50°31'0” N, 30°15’0” E); 3 — Huyva River, near Pryazhev 
Village (50 11’7” N, 28°40’34” E) October, 2012; 4 — ibid, June, 2013; 5 — ibid, June, 2014; 6 — the channel, the 
basin of the Sluch River, Virlya Village (50°20’52” N, 27°43’43” E); 7 — the channel, the tributary of the Sluch 
River, Ostrozhok Village (50°23’38" N, 27°44'16" E); 8 — the tributary of the Sluch River, Nova Romanivka 
Village (E50°34’31” N, 27°43'05" E); 9 — Styr River, Lutsk (50°44’'52” N, 25°19’28”" E); 10 — Sobok River, Illintsi 
(49°6'0" N, 29°12’0" E). 

The biotype of spined loaches was determined with allozymic markers (Mezhzherin, Pavlenko, 2007 a), 
using electrophoresis in polyacrylamide gel (Peacock et al., 1965). 

Chromosome mitotic preparations were taken from epithelial cells of kidney tissue with air-drying (Boron, 
1994; Rab, et al., 1988; Cucchi, Baruffaldi, 1990). CoCl, as the stimulant of cell division was injected into fish 
bodies with following. The modification of this method was described in details earlier (Pukhtayevych, 2014). 


Results and discussion 


Karyotyping. Diploid biotypes. The analysis of mitotic preparations from 
metaphase plates of C. taenia and S. aurata and supposed hybrid C. taenia x S. aurata 
definitely testifies to the hybridization of these species in the River Teteriv tributaries. 
Researched C. taenia have 48 chromosomes (Vasil'ev, Vasil’eva, 1982; Rab etal., 2000; Boron, 
2003 a) diploid set including two metacentric chromosomes which are larger than others 
and are markers for this species (fig. 1, a). C. taenia characterized with 12 metacentrics, 
18 submetacentrics and 18 acrocentrics. 

S. aurata karyotype is characterized with diploid set of 50 chromosomes (Vasile’va, 
Vasil'ev, 1988; Rab et al., 1991; Boron, 2000; Janko et al., 2007) (table 1). In this case (fig. 1, 
b) the karyotype is represented with 4 metacentric chromosomes, two of which are some 
that larger and are noted by other researchers in S. aurata from river basins of the Central 
Europe (Rab et al., 1991; Boron, 2000). But S. aurata karyotype from the River Teterev basin 
is unique (4 m + 14 sm + 32 sta) although it is close to this species karyotypes described 
earlier by A. Boron for S. aurata from the River Visla (Poland) basin (4 m + 16 sm + 30 sta) 
and by P. Rab for S. aurata balcanica (4m + 12 sm + 34 sta) from the Tisa River (the Danube 
tributary) basin. This polymorphism may be caused variability of heterochromatin sections. 
And the spined loaches karyotype in the River Guiva and the Sluch River basin differs more 
from karyotypes of S. aurata from the Rivers Kuban and Kura (table 1). 

In supposed clue to allozymic data C. taenia x S. aurata hybrid 49 chromosomes were 
found. This specimen has not only strict transitional state in chromosome number but in 
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Fig. 1. Karyograms of spined loach species and biotypes studied: a — C. taenia, the channel, the basin of the 
Sluch River; b — S. aurata, Guiva River, the basin of the Teteriv River; c — C. taenia x S. aurata, Guiva River, 
the basin of the Teteriv River; d — C. elongatoide — 2. taenia, Guiva River, the basin of the Teteriv River; 
e — C. elongatoides — tanaitica — taenia, Guiva River, the basin of the Teteriv River; f — C. taenia — C. ta- 
naitica — S. aurata, Guiva River, the basin of the Teteriv River, the channel, the basin of the Sluch River; g — 
C. 2 elongatoides — tanaitica, the channel, the basin of the Sluch River (m — metacentric; sm — submetacen- 
tric; sta — subtelo- and acrocentric chromosomes). 


Puc. 1. KapworpamMMbr nCCIegOBaAHHDIX BUJOB WIMMOBOK M ux ŐMOTMIOB: a — C. taenia, KaHan, baccenH 
p. Cayup; b — S. aurata, p. lyitpa, 6acceñu p. Terepes; c — C. taenia x S. aurata, p. lyitea, 6acceńu p. Tere- 
pesg; d — C. elongatoides — 2. taenia, p. Tyipa, 6acceñu p. Terepesg; e — C. elongatoides — tanaitica — taenia, 
p. Tyñega, 6acceñu p. Terepesg; f — C. taenia — C. tanaitica — S. aurata, p. Tyipa, 6acceńňu p. Terepes, Kanan, 
6acceñuH p. Cry4p; g — C. 2 elongatoides — tanaitica, Kanan, 6acceñu p. Cryub (m — merayenrTtpnyeckne; sm — 
cyOMeTalleHTpiueckne; sta — CYŐTeNO- N aKpOWeHTpMa4eckMe XPOMOCOMBI). 
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Table 1. The Karyotypes of Sabanejewia genus representatives 


Ta6anua 1. Kapnotunpi npexctaputenen poga Sabanejewia 


The taxonomic status Karyotype References 


S. larvata 50 4m+6sm+40sta 60 Lodi, Marchionni, 1980 
(canal near Turin, the basin of the Po River, 

Italy) 

S. caspia 50 4m+6sm+40sta 60 Vasil’ev, 1985 
(Ghizil-Agaj gulf of the Caspian Sea, Azerbaijan) 

S. aurata aurata 50 

(River Kuban, Russia) 6m+14sm+30sta 70 Vasil’ev, 1985 

(Kura River, Azerbaijan) 6m+12sm+32sta 68 Vasil’eva, Vasilev, 1994 
S. aurata kubanica 50 6m+14sm+30sta 70 Vasil’eva, Vasil’ev, 1988 
(River Kuban, Russia) 

S. aurata balcanica 50 4m+12sm+34sta 66 Rabetal., 1991 
(Laborets River, Danube basin, Slovakia) 

S. aurata 50 4m+16sm+30sta 70 Boron, 2000 

(Bug River, Vistula basin, Poland) 

S. aurata 50 4m+14sm+32sta 68 Present study 

(Guiva River, the basin of the Teteriv River, 

Ukraine) 


their set too. This C. taenia x S. aurata hybrid has 8 metacentrics, 19 submetacentrics and 
25 acrocentrics (fig. 2, c). 

Triploid biotypes. The karyotypic analysis resulted in revealing 4 triploid bio- 
types with different numbers of chromosomes (table 2). 

C. elongatoides — 2 taenia. Consists of 73 chromosomes. One haploid set C. elonga- 
toides (n = 25) and two chromosome sets of C. taenia (2n = 48). Previously described from 
Poland (Boron et al., 2003 a) as 24 m + 27 sm + 22 sta. In the 73 chromosome spined loach 
of the Teteriv River basin this chromosomal formula is somewhat different, but neverthe- 
less fairly close (fig. 2, d). 

C. elongatoides — taenia — tanaitica. Individuals of this biotype have 74 chromo- 
somes: C. elongatoides (n = 25), C. taenia (n = 24), C. tanaitica (n = 25). According to 
various researchers (Boron, Kotusz, 2000; Boron et al., 2003 a; Vasil’ev, 1990) the number 
of metacentric chromosomes varies from 21 to 24, submetacentric — from 25 to 35, and 
subteloacrocentric ones vary in number from 10 to 14. Individuals of this biotype of the 
Teteriv River basin have a similar formula (fig. 2, e). 
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Fig. 2. Electrophoretic spectra of enzymes coding by allozymic loci: aspartate amynotransferase (1 — Aat- 
1 100/100 2 — Agt-] 100/110-1103 — A gf 195/110-1104 — A qt] 100-100/110, 5 — A gt] 95-95/110 6 — Agt-195-99/110) lactate 
dehydrogenase (1 — Ldh-B°””, 2 — Ldh-B', 3 — Ldh-B?%11, 4 — Ldh-B°°""), malate dehydrogenase 
(1 — Mdh-1 A0, 2 — Mdh-1A 10/1010, 3 — Mdh-1 A 100-100/110) 


Puc. 2. Cxempl ənekrpoþpopernyeckux cieKTpoB dbepMeHTHBIX IpOgyKTOB, KOAMpyeMbIxX MOKycaMu: 
acllapTaTaMMHOTpaHcdepaspl (1 — Aat-1'°°, 2 — Aat-1'0010-10, 3 — Aat-19°/01, 4 — Aat-110% 100 5 — 
Aat-1°°°"°, 6 — Aat-1°°'0°), naxraTmermpporenas3pi (1 — Ldh-B?”™”, 2 — Ldh-B'"'™, 3 — Ldh-B!1 1, 4 — 
Ldh-B?"°), Manargerngporenasi (1 — Mdh-1A'", 2 — Mdh-1A100!9, 3 — Mdh-1 A100010), 
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Table 2. The Karyotypes of Cobitis species and biotypes 


Ta6xnya 2. Kapnornunsi BngoB poga Cobitis n ux 6noTMMbI 


Species / biotype References 
C. taenia 48 (12 + 18 + 18) 78 2n Present study 
C. taenia 48 (12 + 18 + 18) 78 2n Boron etal., 2003a 
C. taenia 48 (10 + 18 + 20) 76 2n Boron etal., 2003 a 
C. taenia 48 (10 + 18 + 20) 76 2n Boron etal., 2003 b 
C. taenia 48 (10 + 18 + 20) 76 2n  Vasiľev etal., 1989 
C. taenia 48 (10 + 20 + 18) 78 2n Janko etal., 2007 
C. tanaitica 50 (10 + 22 + 18) 82 2n Bohlen et al., 2002 
C. tanaitica 50 (10 + 30 + 10) 90 2n Janko etal., 2007 
C. tanaitica (rosomeridionalis) Q 50 (8 + 28 + 14) 86 2n  Vasiľev, 1995 
C. tanaitica (rosomeridionalis) 3 49 (9 + 28 + 12) 86 2n  Vasiľev, 1995 
C. taurica 50 (10 + 30 + 10) 90 2n Janko etal., 2005 
C. pontica 50 (10 + 30 + 10) 90 2n  Vasiľev, 1995 
C. elongatoides 50 (30 + 16 +4) 96 2n Rab etal., 2000 
? 50 (28 + 18 +4) 96 2n Boron, 2003a 
C. elongatoides 50 (22 + 26 +2) 98 2n Janko etal., 2007 
C. melanoleuca 50 (8 + 18 + 24) 76 2n  Vasiľev etal., 1989 
50 (8 + 16 + 26) 74 2n  Vasiľev, Vasileva, 2008 
50 (6 + 16 + 28) 72 2n  Vasiľev, Vasil’eva, 2008 
50 (30 msm + 20 sta) 80 2n ~—— Lee et al., 1983 
50 (24 msm + 26 sta) 74 2n Kim etal., 1999 
C. taenia x S. aurata 49 (8 + 16 + 25) 73 2n Present study 
C. elongatoides x C. taenia 49 (15 +21 + 14) 86 2n Boron etal., 2003 a 
C. elongatoides — 2 taenia 73 (234314 19) 127 3n Present study 
C. elongatoides — 2 taenia 73 (24 + 27 + 22) 124 3n Boron etal., 2003 a 
C. elongatoides — taenia — tanaitica 74 (22 + 33 + 19) 129 3n Present study 
? 74 (24 + 35 + 15) 133 3n Boron, Kotusz, 2000 
? 74 (21 + 31 +22) 126 3n Boron etal., 2003 a 
? 74 (23 + 27 + 24) 124 3n  Vasiľev, 1990 
? 74 (23 + 25 + 26) 122 3n  Vasiľev, 1990 
C. 2 elongatoides — taenia 74 (35 +25 +4 14) 134 3n Rab etal., 2000 
? 74 (33 +27 + 14) 134 3n Boron etal., 2003 a 
C. taenia — C. tanaitica — S. aurata 74 (13 + 27 + 34) 114 3n Present study 
74 (16 + 36 + 22) 126 3n Boron, Kotusz, 2000 
C. 2 elongatoides — tanaitica 75 (27 +37 +11) 139 3n Present study 
e 75 (25 + 36 +14) 136 3n Boron, Kotusz, 2000 
? 75 (38 +31 +6) 144 3n Rab etal., 2000 
? 75 (24 + 35 +16) 134 3n Boron etal., 2003 a 
C. elongatoides — taenia 49 (16 + 23 +10) 88 2n Janko etal., 2007 
C. elongatoides — tanaitica 50 (16+25+9) 91 2n Janko etal., 2007 


C. 2 elongatoides — tanaitica. The number of chromosomes — 75 (Boron, Kotusz, 


2000; Rab et al., 2000; Boroń et al., 2003 a). Two sets from C. elongatoides (2n = 50) and one 
from C. tanaitica (2n = 25). It is featured by an unusually large number of metacentrics and 
chromosome arms, respectively. Parameters of the chromosomal formula of specimens of 
this biotype of the Teteriv River basin (fig. 2, f), in general, meet the peculiarities of the 
chromosomal formula of this biotype recorded for the Danube River Basin. 

C. taenia — C. tanaitica — S. aurata. The number of chromosomes — 74 together with 
a small number of arms NF = 114 (fig. 2, g). The genomic structure is as follows: C. taenia 
(n = 24), C. tanaitica (n = 25), S. aurata (n = 25). Symptomatic is a very small number of 
metacentrics — 13, though other triploid biotypes of the spined loach with 74 chromo- 
somes have at the very least 21 metacentric chromosomes. The only exception is a series of 
individuals from Olawa (Odra River basin) (Boroń, Kotusz, 2000). There amongst triploids 
of unidentified hybrid structure a record was made of significantly lower than usual num- 
bers of metacentric chromosomes. 

Allozyme analysis. Gene marking allozymic loci level helped determine 9 species 
and biotypes of spined loaches (table 3), amongst which both S. aurata specimens as well as 
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Table 3. The distribution of spined loaches according to species and biotypes in each of the researched 
samples 


Ta6nmnya 3. Pacnpefentenne IMMIOBOK NO BUaM M OMOTMMAM B KaxKAON M3 MCCHCEMOBAHHDIX BbIOOpoK 


Samples ATT? | Arr 
1 1 89 


1 6 
2 1 1 8 54 
3 4 20 3 3 
4 18 18 1 2 
5 6 17 
6 2 1 16 
7 1 23 
8 1 1 20 
9 4 7 3 10 
10 40 1 7 
All in all 81 a 3 172 62 54 Ià 4 5 


Biotypes: TT — C. taenia; AA — S. aurata; AT — C. taenia x S. aurata; ETT — C. elongatoides — taenia, 
C. elongatoides — taenia — tanaitica; EET — C. 2 elongatoides — tanaitica; EET” — C. 2 elongatoides — tanaitica 
with modified allele Aat-1”. TTA — C. taenia — C. tanaitica — S. aurata; AT”T” — C. 2 elongatoides — 
tanaitica with modified products; ATT” — C. 2 elongatoides — tanaitica with modified products allele. 


hybrids of this species with different ploid level were found in samples C. taenia specimens 
and polyploid unisex forms with definite genome combinations were found C. elongatoides 
on one side and C. taenia and C. tanaitica on the other (table 4). 

S. aurata specimens were not numerous — only one specimen in each of three samples. 
Diploid hybrids S. aurata x C. taenia were also rare — one hybrid in each of three samples. 
At the same time triploid hybrid biotypes, whose genome was formed with S. aurata, make 
a very significant part — about 16 % of all researched specimens. They all were females. 
Ihe specimens of this biotype can be divided into two groups. The specimens of the first 
group have following genotypes: Aat-1'0°10", Mdh-1A1%0, Ldh-B%”%-% and the 
size of erythrocytes corresponding to triploids. They are represented in series in samples 
from the Sobok River basin (sample N 9), the Styr River (sample N 8) and the Guiva River 
(samples N 3, 4). According to gene dose display they should be identified as complex 
hybrids C. 2 taenia — S. aurata or C. taenia — C. tanaitica — S. aurata. 

The belonging to the latter biotype is confirmed by karyological analysis. 

Specimens of the second group were found only in the Guiva River. They are also 
complex hybrids with S. aurata. Theur part is not significant. All in all they make only 2 %. 


Table 4. The genotypes of three diagnostic loci used for identification of species and biotypes 


Ta6anuua 4. lenornnpl Tpéx FuarHOocTMM4ecKMx AOKYCOB, MCHOIb3OBaHHDIX JIA UFCHTUMDUKAIMM BUOB 
Mu ONOTUMOB 


Species and biotypes Mdh-1A Ldh-B 


TT 100/100 100/100 100/100, 100/105 

AA 110/110 110/110 90/90 

AT 100/110 100/110 90/100 

ETT 100-100/110 100-100/110 100/100, 100-100/105 

EET 100/110-110 100/110-110 100/100 

EET” 95/110-110 100/110-110 100/100 

ATT 100-100/110 100-100/110 90/100-100 
ATT" 95-95/110 100-100/110 90/100-105 
ATT” 95-100/110-110 100-100/110 90/100-105 


Biotypes: TT — C. taenia; AA — S. aurata; AT — C. taenia x S. aurata; ETT — C. elongatoides — 2 taenia, 
C. elongatoides — taenia — tanaitica; EET — C. 2 elongatoides — tanaitica; EET” — C. 2 elongatoides — tanaitica 
with modified allele Aat-1”. TTA — S. aurata — C. taenia — C. tanaitica; ATT” — C. 2 elongatoides — tanaitica 
with modified products; ATT” — C. 2 elongatoides — tanaitica with modified products allele. 
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This biotype specimens are characterized with electromorphs with Aat-1*” allele and 
triheterozygotes Ldh-B"" (table 2). Jugying from erythrocytes size, they are also 
triploids, but their genome interpretation is not definite. The thing is that diploid loaches 
with Aat-1* allele in Ukrainian rivers are not known and mass emergense in of complex 
electromorphs hybrid biotypes with supposed Aat-1” allele, is typical onle for genetically 
unstable populations (Mezhzherin, Pavlenko, 2007 b). It can be assumed that in this case 
we have genetic instability in hybrids C. taenia — C. species — S. aurata. The prescuse 
of genome Cobitis species is certified with Ldh-B'” allele fixation typical for underscribed 
species. 


Conclusion 


Thus, the investigation definitely proves the fact of hybridization amongts different 
spined loach genera and also testifies to real existence of another diploid-poyploid fish 
complex, namely C. 2 taenia — S. aurata. The attention should be paid to the absorbing 
character of hybridization amongst S. aurata and C. taenia, resulting in the fact that rare 
and stenobiontic species S. aurata in river systems of Northern Ukraine is represented 
more this hybrid forms than with “pure” ones. 


References 


Bohlen, J., Rab, P., Slechtova, V. et al. Hybridogenous biotypes in spined loaches (genus Cobitis) in Germany 
with implications for conservation // Conservation of freshwater fishes: options for the future / Ed. 
M. J. Colares // Pereira et al. — 2002. — P. 311-321. 

Boron, A. Karyotypes of diploid and triploid silver crucian carp Carassius auratus gibelio (Bloch) // Cytobios. — 
1994, — 80. — P. 117-124. 

Boron, A. Cytogenetic characterization of the loaches of the genera Sabanejewia, Misgurnus and Barbatula 
(Pisces, Cobitidae) // Folia Zool. — 2000. — 49, suppl. 1. — P. 37-44. 

Boron, A. Karyotypes and cytogenetic diversity of the genus Cobitis (Pisces, Cobitidae) in Poland: a review. 
Cytogenetic evidence for a hybrid origin of some Cobitis triploids // Folia Biol. — 2003 a. — 51. — P. 49-54. 

Boron, A., Kotusz, J. The preliminary data on diploid—polyploid complexes of the genus Cobitis in the Odra 
River basin, Poland (Pisces, Cobitidae) // Folia Zool. — 2000. — 49, suppl. 1. — P. 79-84. 

Boron, A., Culling, M., Pulym, A. Cytogenetic characteristics of the fish genus Cobitis from England // Folia 
Biol. — 2003 b. — suppl. 51. — P. 13-16. 

Cucchi, C., Baruffaldi, A. A new method for karyological studies in teleost fishes // J. Fish. Biol. — 1990. — 37, 
N 1. — P. 71-75. 

Janko, K., Vasil'ev, V. P., Rab, P et al. Genetic and morphological analyses of 50-chromosome spined loaches 
(Cobitis, Cobitidae, Pisces) from the Black Sea basin that are morphologically similar to C. taenia, with the 
description of a new species // Folia Zool. — 2005. — 54, N 4. — P. 405-420. 

Janko, K., Flajshnanas, M., Choleva, L. et al. Diversity of European spined loaches (genus Cobitis L.,): an update 
of the geographic distribution of the Cobitis taenia hybrid complex with a description of new molecular 
tools for species and hybrid determination // J. Fish. Biol. — 2007. — 71, N 3. — P. 387-408. 

Kim, S. Y., Pak, J. Y., Kim, I. S. Chromosome of spined loach, Iksookimia yongdokensis (Pisces: Cobitidae) from 
Korea // Korean J. Ichthyol. — 1999. — 11, is. 2. — P. 172-176. 

Lee, H. Y., Yu, C. H., Jeon, S. K., Lee, H. S. The karyotype analysis on 29 species of fresh water fish in Korea // 
Bull. Inst. Basic Sci. Inha Univ. — 1983. — N 3. — P. 79-86. 

Lodi, E., Marchionni, V. Chromosome complement of the masked loach Sabanejewia larvata (de Fil.) (Pisces, 
Osteichthyes). — Caryologia. — 1980. — 33. — P. 435-440. 

Mezhzherin, S. V., Lisetskaya, T. Yu. Genetic structure of the spined loache Cobitis s. l. species complex of the 
Severskiy Donetz river // Cytology and Genetics. — 2004. — 38, N 1. — P. 36-43. — Russian : Mescue- 
pun C. B., Tuceyxaa T. IO. fenetuaeckaa CtpyKTypa BUJOBOrO KOMIIeKCca WMMOBOK Cobitis auc. (Cypri- 
niformes: Cobitidae) 6acceřna CeBepcxoro Jonna. 

Mezhzherin, S. V., Pavlenko, L. I. Genetic structure of diploid-polyploid complex of spined loaches Cobitis 
(Cypriniformes, Cobitidae) of the Danube delta // Cytology and Genetics. — 2007 a. — 41, N 1. — P. 56- 
65 — Russian : Mexmepun C. B., HasnenKo JI. N. Teneruueckaa cTpykTypa gMnnonguo-NOInMIOngHOTO 
KOMIIJIEKCa HMIOBOK Cobitis (Cypriniformes, Cobitidae) Hnsosnñý [yuas. 

Mezhzherin, S. V., Pavlenko, L. I. A case of hybridization in loaches (Osteichthies: Cobitidae: Cobitis) 
determining genetic instability and expansion // Cytology and Genetics. — 2007 b. — 41, N 4. — P. 26- 
35. — Russian: Mexxepun C. B., HasenenKo JI. N. Cnyuaġ rn6pugusanun y mnnoBok (Osteichthyies: 
Cobitidae: Cobitis), O6yYCHOBMBMÄ reneTnyecCKyIO HeCcTaOUIbHOCTD M ƏKCNAHCMIO. 


510 S. V. Mezhzherin, P. P. Pukhtayevych, A. A. Tsyba 


Mezhzherin, S. V., Pavlenko, L. I. Spined loaches (Cypriniformes: Cobitidae: Cobitis) of Ukrainian Water Bodies: 
Genetic Boundaries of Species and Natural Hybridization // Naukoviy Visnyk Uzhgorod Univ. Ser. B. — 
2009. — Is. 25. — P. 146-154. — Russian : Mexmepun C. B., [laenenko JI. N. Wunosxu (Cypriniformes: 
Cobitidae: Cobitis) BoqoemoB Ykpauubl: reyernyeckne TpaHUIbl BUJOB M ECTeCTBeHHaAd TMOpuAM3ZalNA. 

Mezhzherin, S. V., Pavlenko, L. I. Genetic diversity, origin and distributuin tendencies in polyploidy of 
spined loaches TeHetuueckoe pasnoo6pasne, IpoMcxo*KeHUe MU 3AaKOHOMePHOCTM paciiIpocTpaHeHnA 
NOMMMIOMUFHEIX WMMOBOK (Cypriniformes, Cobitidae, Cobitis) within the Ukraine // Cytology and 
Genetics. — 2010. — 44, N 5. — P. 65-77 — Russian : Mexxcepun C. B., [laenenxo JI. N. Tenernyec- 
Koe pa3Hoo6pasne, MpOMcxox*KeHMe MU 3aKOHOMEPHOCTM paciIpocTpaHeHMA MOMMMIOMAHbIX WMMOBOK 
(Cypriniformes, Cobitidae, Cobitis) 8 mpegenax Ykpannm. 

Mezhzherin, S. V., Kokodiy, S. V., Kulish, A. V. et al. Hybridization of crucian carp, Carassius carassius 
(Linnaeus, 1758), in Ukrainian reservoirs and genetic structure of hybrids // Cytology and Genetics. — 
2012. — 46, N 1. — P. 37-46. — Russian : Mexxepun C. B., Koxoðuŭ C. B., Kynuwm A. B. u òp. Tu6pu- 
[M3allMAa 30JIOTOTO Kapaca (Carassius carassius (Linnaeus, 1758)) B Bogoemax YKpanHbI n renernyeckas 
CTpyKTypa rMOpujos. 

Peacock, F. C., Bunting, S. L., Queen, K. G. Serum protein electrophoresis in acrilamyde gel patterns from 
normal human subjects // Science. — 1965. — 147. — P. 1451-1455. 

Puhtaevich, P. P. Modified Method of Metaphase Plates Obtaining for Polypoid Fish Genera Carassius and 
Cobitis Karyotyping (Actinopterygii, Cypriniformes) // Vestnik zoologii. — 2014. — 48, N 4. — P. 371- 
376. 

Rab, P., Roth, P., Balíček, P. et al. Cold-blooded vertebrates in Methods of chromosome analysis // Czechoslovak 
Biol. Soc. Publishers. — Brno, 1988. — P. 115-124. 

Rab, P., Roth, P., Vasileva, E. D. Chromosome banding study of the golden loach, Sabanejewia aurata balcanica 
from Slovakia (Cobitidae) // Japan. J. Ichthyol. — 1991. — 38. — P. 141-146. 

Rab, P., Raboba, M., Bohlen, J., Lusk, S. Genetic differentiation of the two hybrid diploid-polyploid complexes 
of loaches, genus Cobitis (Cobitidae) involving C. taenia, C. elongatoides and C. sp. in the Czech Republic: 
Karyotype and cytogenetic // Folia Zool. — 2000. — 49, suppl. 1. — P. 55-66. 

Vasil'ev, V. P. Evolutionary caryology of fishes. — Moskow: Nauka, 1985. — P. 300. — Russian : Bacuavee B. IT. 
OBOIOIMOHHAA KapMonorMa ppio. 

Vasil’ev, V. P. Diploid-polyploid complex of spined loach genus Cobitis (Pisces, Cobitidae) // Doklady AN 
SSSR. — 1990. — 312, N 1. — P. 249-252. — Russian : Bacunvee B. I. |wnnovugHo-nomMniougHO KOM- 
IIe€KC WMMOBOK Cobitis (Pisces, Cobitidae). 

Vasil'ev, V. P. Karyological diversity and taxonomic heterogeneity of Cobitis “taenia” (Pisces, Cobitidae) // 
Doklady Akademii nauk. — 1995. — 342, N 6. — P. 839-842 — Russian : Bacuavee B. IT. Kapuonornue- 
cKoe pa3HooOpa3me n TAKCOHOMNYECKAA reTeporeHHoctTs of Cobitis «taenia» (Pisces, Cobitidae). 

Vasil'ev, V. P., Vasil’eva, E. D. A new diploid-polyploid complex in fish // Doklady Akademii nauk SSSR. — 
1982. — 266, N 1. — P. 250-252. — Russian : Bacuaveea E. I., Bacunvee B. II. Hoppm mmnrongHo- 
NOMMMIOMUTHDIM KOMIUIEKC pbI6 // Toxnagppr AKagemun Hayk CCCP. 

Vasil'ev, V. P, Vasil’eva, E. D. The karyological diversity in spined loaches from genera Cobitis and Sabanejewia 
// VIII Congres EIS. Fishes and their environment, Oviedo. — 1994. — P. 67. 

Vasil'ev, V. P., Vasil’eva, E. D. Comparative karyology of species of the genera Misgurnus and Cobitis (Co- 
bitidae) from the Amur River Basin in connection with their taxonomic relations and the evolution of 
karyotypes // J. Ichthyol. — 2008. — 48, N 1. — P. 1-13 — Russian : Bacunveea E. J]., Bacunvee B. II. 
CpaBHUTelbHad KapMonorma BMAOB poga Misgurnus n Cobitis (Cobitidae) ns 6acceñHa p. AMyp B CBA3u 
C MX TAKCOHOMMYECKMMM CBA3AMM M ƏBOIOYMA KAPMOTMIOB. 

Vasil'ev, V. P., Vasil’eva, K. D., Osinov, A. G. Evolution of a diploid-triploid-tetraploid complex in fishes of the 
genus Cobitis (Pisces, Cobitidae) // Evolution and ecology of unisexual vertebrates / Eds R. M. Dawley, 
J. P. Bogart. — Albany ; New York : New York State Museum, 1989. — Bull. 466. — P. 153-169. 

Vasil’eva, E. D., Vasil'ev, V. P. Study of the intraspecific structure of Sabanejewia aurata (Cobitidae) with 
description of a new subspecies, S. aurata kubanica // Voprosy Ikhthiologii. — 1988. — 28. — P. 192- 
212. — Russian : Bacunveea E. J., Bacunvee B. IT. iccneqopanne BHYTPUBUOBON crpykryphi Sabanejewia 
aurata (Cobitidae) c onncannem HOBOTO noggnyga S. aurata kubanica. 


Received 5 May 2014 
Accepted 24 September 2014 


